Abstract The experiments on Bacopa monnieri from Scrophulariaceae family were performed in in vitro shoot cultures conditions in media enriched with Mg ions and serine or anthranilic acid (L1 vitamin). As there is limited literature data available on the content of elements in shoots from B. monnieri in vitro cultures, analyses of magnesium, zinc, potassium, calcium, copper, sodium and iron in plant shoots constituted the aim of the present study. The next aim of the work, for the first time, consists of evaluation of the content and concentration of magnesium and other metals in in vitro shoot cultures of B. monnieri and their influence on bacoside levels, as well as establishment of interactions between the listed analytes. The highest accumulation of magnesium was determined in the plant tissues cultured in media doped with 0.1 g/L serine and 0.5 g/L Mg (2104 lg/g dry weight), and 0.5 mg/g of anthranilic acid and 1.0 g/L Mg (2163 lg/g). The highest concentration of bacosides in the obtained in vitro shoot cultures of B. monnieri (37.3 mg/g dry weight) was found in cultures of the following media composition: MS1 with addition of 0.25 g/L serine and 0.1 g/L Mg, and MS1 with addition of 0.5 g/L serine and 0.5 g/L magnesium. Considering the observed shortage of plant reserves in the natural environment and its curative properties, it seems to be of utmost importance to obtain, as a result of the presented experiment, in vitro shoot cultures of B. monnieri characterized by optimal and reproducible composition of the physiologically active elements and metabolites.
Introduction
Bacopa monnieri (L.) Pennell-Brahmi from Scrophulariaceae family is one of the most important plants in the traditional Hindu system of medicine, Ayurveda. B. monnieri is used in India for 5000 years to treat epilepsy and insomnia, as a sedative and abolishing raw anxiety (Gohil and Patel 2010) . Indian materia medica (Bhavaprakasha Nighantu 1500 years AD). It recommends this material as a means of improving memory and concentration (Biswas et al. 2012; Singh 2013) . Commercially available preparations of B. monnieri improve brain function, concentration and memory in both young and older people (Vangalapati et al. 2011) . Clinical studies confirm beneficial effects of this species in recovering of mental functions in children suffering from ADHD (attention deficit hyperactivity disorder), improving the cognitive functions in patients after stroke and epilepsy (Gohil and Patel 2010) . Based on the previous studies, it is believed that these effects are due to the ability of the plant extracts to modulate humans' cholinergic system (Jyoti and Sharma 2006) . Plant extracts increase blood flow in brain, improve concentration, they have antioxidant, anti-inflammatory, antibacterial, and antitumor effects, and they are also used as a support in neurodegenerative diseases (such as Alzheimer's and Parkinson's diseases) therapies (Kamkaew et al. 2013; Shah et al. 2012; Wasnik 2012; Ravikumar et al. 2005; Sumathi et al. 2012) . Compounds, which are attributed to the abovementioned actions, are bacosides and triterpenoids, belonging to the saponins (Gohil and Patel 2010) .
Extracts from B. monnieri are used for blood purification from heavy metals due to their ability to chelate them (Ahire et al. 2013 ). This raises the possibility of obtaining raw material enriched in beneficial to human body compounds (anthranilic acid and serine, which are precursors of many plant metabolites) and micronutrients (Mg) for the targeted physiological effects.
The fresh material might be more effective in treatment of diseases. Due to limited information on the content of macro and microelements in the fresh material of B. monnieri, it is necessary to determine them quantitatively and to assess their ability to accumulate in this material under fully controlled conditions of in vitro culture. To study accumulation of the bioelements in shoots of B. monnieri, it was necessary to develop an appropriate in vitro culture medium composition and culture conditions. Thus, for the first time, magnesium, zinc, potassium, calcium, copper, sodium and iron were determined quantitatively in B. monnieri. These bioelements were chosen because of their physiological function (playing important role in human metabolism by building blocks and being enzymes activators) which can explain this plant activity. Magnesium, being the second most abundant intracellular cation after potassium, is an essential ion for life. Mg 2? has important cellular functions in enzymatic reactions (De Baaij et al. 2015) . Zinc has a large number of physiological roles, especially in growth and functioning of the immune system (Livingstone 2015) . Potassium and sodium have influence on multiple physiological processes; one of them is resting cellular membrane potential and osmoregulation. Calcium is a bone builder and also an enzymatic activator (Allen 1982) . Copper proteins have diverse roles in biological electron transport and oxygen transportation and this element is a part of superoxide dismutase. Iron is an element which is located in the center of such enzymes like catalase, peroxidase and cytochrome.
The work was performed with the aim to determine in in vitro culture conditions of B. monnieri: (a) bio elements concentrations in in vitro shoot cultures of B. monnieri; (b) the influence of culture medium composition on macroand microelements accumulation in in vitro shoot cultures of B. monnieri, (c) the influence of Mg, serine and anthranilic acid on bacosides content in in vitro shoot cultures of B. monnieri.
Materials and methods

Plant material
The studies were conducted on the in vitro shoot cultures of B. monnieri (B. monnieri biomass).The in vitro cultures were established from commercially available in vitro cultures of B. monnieri from IVPLANT (representative samples of in vitro shoot cultures of B. monnieri were deposited at the Department of Pharmaceutical Botany, Jagiellonian University Collegium Medicum, Kraków, Poland). This material was identified by a botanist Bo_ zena Muszyńska. Shoots were cut into 2 cm shoot pieces and placed in the Erlenmeyer flasks with 100 mL of liquid medium (MS) according to Murashige and Skoog (1962) with our modifications. The modifications consisted in the addition of nicotinic acid (0.5 mg/L), myo-inositol (100 mg/L), vitamin B 1 (4.0 mg/L), and growth regulators: 6-benzylaminopurine (BAP) 1.0 mg/L and 1-naphthaleneacetic acid (NAA) 0.2 mg/L, pH was adjusted to 5.7-5.8 before autoclaving. This was the basal medium (MS1) and shoots were sub cultured every 4 weeks.
Experimental in vitro cultures
The in vitro shoot cultures of B. monnieri were used to obtain the experimental in vitro cultures. The experiment was conducted using the basic medium (MS1) as a reference and the medium with additions of anthranilic acid or serine (both in concentrations: 0.1; 0.25; 0.5; 0.75; 1.0 mg/L). In this experiment, to the MS1 medium of in vitro shoot cultures of B. monnieri, magnesium sulfate (Mg) in concentrations: 0.01; 0.1; 0.25; 0.5; 1.0 mg/L was also added (the compositions of cultures media are given in Table 1 ). Cultures were grown under constant artificial light (4 W/m 2 , LF-40 W lamp, daylight, Piła) at 25 ± 2°C. After 4 weeks, the fresh biomass was collected, frozen, and lyophilized (lyophilizer FreeZone 4.5, Labconco; temperature -40°C). After lyophilization, the plant material was weighed (1 g of each) and grounded in an agate mortar. Then, the powdered dry material was used for qualitative and quantitative RP-HPLC analysis of bacosides and quantitative determination of the chosen elements: Mg, Zn, K, Ca, Cu, Na, and Fe by means of atomic absorption spectrometry.
RP-HPLC analysis of bacosides
The powdered shoots (5 g) from in vitro shoot cultures of B. monnieri were subjected to extraction with methanol (10 portions of 100 mL) in a percolator. Methanolic extract was left in room temperature to dry. The residue was quantitatively dissolved in methanol (14 mL), filtered through Millipore Millex-GP, 0.22 lm and was subjected to RP-HPLC analysis.
RP-HPLC analyses were conducted according to described elsewhere (Srivastava et al. 2012 ) with our modifications, using a Merck Hitachi liquid chromatography (LaChrom Elite) equipped with a DAD detector L-2455 and Purospher Ò RP-18e (250 9 4 mm/5 lm) 
Statistical analysis
Each determination of the analyzed elements concentrations in forty in vitro shoot cultures of B. monnieri have been repeated four times. The results are presented as mean values integrated with standard deviations (SD)- Table 1 . All analyses were conducted using Statistica 10 (StatSoft, Poland). To extract significant information about correlations between the measured variables and the objects, chemometric tools [cluster analysis (CA) and principal component analysis (PCA)] have been applied. Statgraphics Centurion XVI (Poland) software was used to perform chemometric analysis. Statistical significance was defined at p \ 0.05.
Results and discussion
The growth of biomass in in vitro shoot cultures of B. monnieri with addition of serine or anthranilic acid (vitamin L 1 ) was four times higher than in the same medium cultures enriched with magnesium ions. In each of the above cases, increase of the amount of added Mg ions caused gradual decrease of biomass growth. Additionally, it was noticed that the most effective growth was obtained for in vitro cultures in which serine and anthranilic acid were added in concentration of 0.1 g/L. The results are 80.5 g of biomass for serine and 122.1 g of biomass for anthranilic acid, respectively (Fig. 2) . This effect pointed out that anthranilic acid revealed better ability to stimulate biomass growth. Gained biomass growth, with and without addition of Mg, was acceptable and its level was comparable to average obtained by the other authors (Praveen et al. 2009; White and Broadley 2009; Szopa et al. 2013) .
The essential part of the conducted research was analysis of concentrations of the chosen bioelements (Mg, Cu, Zn, Fe, Ca, Na, K) in in vitro shoot cultures of B. monnieri which were enriched with Mg ions (added to the culture medium as magnesium sulfate) at increasing concentrations. On the basis of the obtained results, the significant influence of added organic compounds (serine, anthranilic acid) and Mg ions in various quantitative combinations on 
710.8 ± 1.0 62.01 ± 1.8 22,570 ± 0.8 968.7 ± 0.5 0.745 ± 3. (Gunesa et al. 1998 ). Concentration of potassium in the obtained in vitro shoot cultures of B. monnieri without any supplementation was high and reached 12,300 lg/g DW ( Table 1 ). The accumulation of K in biomass with serine was in the range from 16,807 to 27,950 lg/g DW while in the biomass with addition of anthranilic acid was in the range of 20,560-26,040 lg/g DW (Table 1) . In in vitro shoot cultures of B. monnieri containing serine and Mg, increase of K concentration in the obtained biomass was highest in media containing up to 0.1 g/L of added Mg. Higher concentrations of magnesium in the culture medium led to decrease of K accumulation in biomass. In case of medium containing anthranilic acid, the higher was Mg concentration, the higher was K concentration in the biomass (up to 58,970 lg/g DW in the medium containing 0.25 g/L of anthranilic acid and 1 g/L of Mg) ( Table 1) .
Such high levels of potassium in the studied biomass were approximately four times higher than in dried fruits, one of the best sources of this element (Jarosz 2012) .
Concentration of sodium in the obtained in vitro shoot cultures of B. monnieri with the addition of serine was in the range of 574.1-1289 lg/g DW. In in vitro cultures with anthranilic acid, sodium concentration ranged from 279.2 to 808.4 lg/g DW (Table 1) The increased accumulation of the elements in B. monnieri shoots in media enriched with serine and anthranilic acid is a result of formation of low molecular weight (metal-organic particle) chelates, being easily transported through biological membranes and accumulated in the tissues. That is the reason, why B. monnieri is used in metals remediation (Hill and Curran 1960; Childs 1971) .
In earlier research, similar phenomenon of bioaccumulation of the chosen physiologically active bioelements in fruiting bodies or in in vitro culture mycelium was observed (Łojewski et al. 2014) .
Concentration of bacosides in the biomass of in vitro shoot cultures of B. monnieri in relation to the medium composition was determined. It was found that comparing to the control medium (MS1), addition of anthranilic acid leads to increase of bacosides concentration in biomass. Addition of Mg to the medium containing anthranilic acid caused substantial decrease of bacosides concentration in biomass. Considering the other organic compound addition to the medium (serine), a positive correlation between the concentration of Mg in the medium and bacosides concentration in biomass is visible. The best results were observed at medium serine concentrations 0.25-0.75 g/L. Addition of serine alone (without magnesium ions) caused lowering of bacosides concentration in the plant. Summarizing, the highest concentration of bacosides in the biomass of B. monnieri in vitro culture was determined in the media (MS1) containing combination of serine and Mg ions (0.25 g/L of serine and 0.1 g/L of Mg and 0.5 g/L of serine and 0.5 g/l of Mg) and reached 37.3 mg/g DW.
Chemometric analysis
The results of the performed research (data collected in Table 1 ), forty objects (biomass obtained in in vitro shoot cultures of B. monnieri of variable medium composition) described by seven variables (concentrations of Mg, Ca, Cu, Zn, Fe, K, Na), revealed high diversity. The addition serine or anthranilic acid in five concentrations combinations (0.1, 0.25, 0.5, 0.75, 1.0 g/L) were considered. In other experiments, the addition of Mg (concentrations: 0.01, 0.1, 1.0 g/L) to the in vitro culture media (containing serine or anthranilic acid) was also examined. Very wide range of metals' concentrations variability which was observed (from 0.745 lg/g for Cu to 58,970 lg/g for K) caused that an unambiguous interpretation of the obtained results was difficult. Hence, chemometric tools helpful in such kind of analyses were used.
Cluster analysis (CA) allows, out of the whole set of data, separation of the groups (clusters) of objects or features which are characterized by similar variability. In this approach, city block was applied as a distance measure and calculated the distance between the obtained clusters on the basis of Ward's agglomeration method. Similarity of features (variation of concentrations of the analyzed elements- Fig. 3 ) and objects (in vitro cultures- Fig. 4 ) is discussed. In the Figs. 3 and 4 , the dendrograms (colloquially called trees) are shown in which axis x represents the examined element (Fig. 3) cultures (Fig. 4) while axis y stands for the distance between the objects (Gemperline 2006; Massart et al. 1998; Mazerski 2000; Otto 1999; Kramer 1996) . Considering the first dendrogram (Fig. 3) , two main clusters can be distinguished. The first contains Ca, Cu, K and Mg (green dashed line) and the second consists of Fe, Na, Zn (red continuous line). It is important to underline that the shorter are lines representing elements on the dendrogram, the more similar are changes of concentrations of the considered elements. Belonging of the bioelements (Ca, Cu, K, Mg and Fe-the first group, Na and Zn-the second one) to the separate clusters is justified physiologically and scientifically confirmed. Increased concentration of Fe increases hydration and permeability of the cytoplasm for Cu and Mg. Moreover, in plants there is a natural synergy between K and Mg. Additionally it was found that increase of Cu content in plants is accompanied by increase of Mg level. All these aspects have decided that Ca, Cu, K and Mg belong to the same group.
On the other hand, correlation between the first and the second cluster does not exist as they are placed on different lines of the dendrogram. This situation emphasizes natural antagonism observed in plants' tissues between Cu and Zn as well as between Mg and Na. That is a consequence of plants structure, and relates to the elements role in the activation of enzymatic systems and competition in complexation of the same organic complexes (Hopinks and Hüner 2004; Kopcewicz and Lewak 2002; Kumar et al. 2009; Taiz and Zeiger 2005; White and Broadley 2009) .
Considering the second dendrogram, which presents similarity of objects (Fig. 4) , three visible clusters can be observed. One of them consists of in vitro cultures enriched with serine and anthranilic acid without Mg addition. The second large group of similar objects includes in vitro cultures with the addition of serine and Mg, and the third cluster consists of in vitro cultures with anthranilic acid and magnesium. Undoubtedly, composition of the culture medium determines elements concentration levels in the resulting plant material. Serine and anthranilic acid influence the mechanism of metals uptake and their accumulation. The same can be concluded regarding the addition of magnesium.
It can be definitely stated that the obtained in vitro shoot cultures of B. monnieri are similar within the scope of a given group. Depending on the plant species, type of cultivation and the environment, there are significant differences in basic aspects related to its nutrition and uptake of ions, mechanism of transport or rate of accumulation. Distinct course of elements' concentrations changes in the cultures with the addition of serine may be the result of its chemical properties, namely the tendency to complex Zn and Cu ions (the same number of coordination LK = 4). In contrast, the addition of anthranilic acid to the in vitro culture medium creates acidic pH which promotes uptake and transport of Ca, Mg and K in plant (Hopinks and Hüner 2004: Kumar et al. 2009; White and Broadley 2009) .
Principal component analysis (PCA) was used as the second method supporting interpretation of the obtained data (Massart et al. 1998; Mazerski 2000; Otto 1999; Kramer 1996) . It allows to reduce the amount of variables describing the objects (in vitro cultures) analyzed in this study. In this case, forty objects (in vitro cultures) characterized by seven functions (concentrations of metals) were analyzed. The reduction of number of variables is based on the change of the correlated input data into a set of new combination of orthogonal variables. In this case, the new orthogonal variables, called principal components (C1, C2, C3), describe above 80.1 % of variability of the considered data set. Variables C1, C2, C3 are linear combinations of input variables (Massart et al. 1998; Mazerski 2000; Otto 1999; Kramer 1996) , multiplied by the certain load values-eigenvalues (Table 2) . Eigenvalue determines the level of saturation of a certain variable and is equal to correlation factor between the input variables and the outcome variables (Massart et al. 1998; Mazerski 2000; Otto 1999; Kramer 1996) . Table 2 shows eigenvalues for the obtained three principal components.
The higher the value of the factor describing main component is, the more important its impact on object group's changeability is (Otto 1999; Kramer 1996) . On this basis, it could be pointed out that concentrations of Ca, Cu, K have the greatest impact on the first principal component: C1, the principal component C2 is mainly influenced by the changes of Na and Zn concentrations and so on. As a result, the obtained three principal components are allowed to present the data in a three-dimensional space (Fig. 5) . The presented scatter plot clearly indicates similarities between the in vitro shoot cultures of B. monnieri in relation to the culture medium composition. It can be observed that two groups of objects are scattered in the graph space. The first of them (blue line) consists of in vitro shoot cultures of B. monnieri with serine added to the culture medium. The second cluster consists of in vitro 
Conclusions
Due to the fact that B. monnieri is a protected by law plant species, and that use of natural raw materials in pharmaceutical preparations requires standardization, it is really important to obtain reproducible material of the desired properties from in vitro cultures. It was proved that the culture medium, enriched with serine and anthranilic acid with and without the addition of magnesium ions, provides means to obtain the plant material rich in the essential bioelements (Mg, Zn, K, Ca, Cu, Na, Fe). It also promotes accumulation of bacosides in the plant biomass. All these elements and compounds are responsible for curative effects of the B. monnieri preparations used in traditional medicine (for example the anti-depressant function of elements Mg, Zn and Cu). Considering the observed shortage of plant reserves in the natural environment and its curative properties, it seems to be of utmost importance to obtain material, as a result of the presented experimental in vitro shoot cultures of B. monnieri, characterized by optimal and reproducible composition of physiologically active elements and metabolites. 
